j Abstract Background Oxidative stress-induced reactive oxygen species are associated with the clinical manifestation of insulin resistance. Evidence suggests that antioxidant treatment may reduce this incidence. Aim of the study This study determined whether glucose oxidase (GO)-induced insulin resistance in cultured skeletal muscle cells could be ameliorated by pre-treatment with gamma-tocopherol (GT). Methods Insulin sensitivity in L6 myotubes was assessed by 2-deoxy-D-[ 3 H]-glucose uptake. The phosphorylation of distal insulin signaling proteins Akt and the Akt substrate AS160 were determined by western blot. Results One hour treatment with 100 mU/ml GO decreased insulin-stimulated glucose uptake (P < 0.001). Pretreatment with GT either partially (100 lM) or completely (200 lM) restored insulin-stimulated glucose uptake in cells after GOinduced insulin resistance. GOinduced oxidative stress did not impair insulin stimulated phosphorylation of Akt or AS160, but 200 lM GT increased insulinstimulated phosphorylation of these key signaling proteins (P < 0.05). Conclusions Highdose (200 lM) GT treatment ameliorated oxidative stress-induced insulin resistance in cultured rat L6 skeletal muscle cells.
j Key words glucose oxidase -L6 myotubes -Akt -AS160 -glucose transportantioxidants 31 32 Introduction 33 There is accumulating evidence that the generation of 34 reactive oxygen species (ROS) leads to increased 35 oxidative stress and is a precursor to a number of 36 chronic conditions including type-2 diabetes and 37 cardiovascular disease [33] . Antioxidant 
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Separated proteins were then transferred to a 164 PVDF membrane using pre-developed reagents and 165 standard transfer sandwich apparatus (Invitrogen, 166 VIC, Australia). Proteins were transferred at a con-167 stant voltage of 20 V for 100 (Akt) or 180 (AS160) 168 min. After the transfer, the membrane was washed 169 with Tris-buffered saline with Tween (TBST; 20 mM 170 Tris, 140 mM NaCl, 0.05% Tween 20, pH 7.6). The 171 membrane was blocked with 5% skim milk powder 172 (w/v) in TBST on a rocker at room temperature for 173 1 h. After blocking, membranes were washed with 174 TBST and incubated with primary antibodies (diluted 175 1:1,000 in TBST + 1% BSA) specific for phospho-176 Akt-Ser473, b-actin, Phospho-Akt-Substrate, total Akt 177 (Cell Signaling Technology: Genesearch, QLD, Aus-178 tralia), phosphor-AMPK-Thr172 and total AMPK-a1/ 179 2 (kind gifts from Prof Bruce Kemp) overnight on a 180 rocker at 4°C. Membranes were washed three times 181 with TBST then incubated with secondary antibody 182 (1:5,000 anti-rabbit antibodies in TBST) for 1 h at 183 room temperature. The membrane was then washed 184 (6 · 10 min) with TBST and immunoreactive bands 185 detected with 2 ml of chemiluminescence reagent 186 (Pierce: Quantum Scientific, QLD, Australia) and ex-187 posed using the Chemidoc EQ system (Biorad, NSW, Cells were treated with 100 or 200 lM gamma-tocopherol (GT) for 24 h, 100 mU/ml GO for 1 h and 100 nM insulin for 30 min (n = 8-11). Asterisks significantly lower than treatment with insulin alone (P < 0.001) 211 amino-acid residues that are important for insulin 212 signaling to GLUT4. We found that GO did not impair 213 insulin-stimulated phosphorylation of Akt or AS160, 214 but 200 lM GT increased insulin-stimulated phos-215 phorylation of both (P < 0.05) above insulin treat-216 ment alone, and might partly explain the restoration 217 of glucose transport in this condition (Fig. 2) . In 218 addition, since phosphorylation of neither Akt nor 219 AS160 could completely explain the effects of GT on 220 glucose transport, we measured phosphorylation of 221 AMPK to determine whether activation of this stress-222 activated kinase could explain the changes seen. 277 transport. Given that the pre-treatment with GT was 278 more prolonged than the GO exposure, we speculate 279 that reduced lipid peroxidation affords some 280 improvement in cell membrane dynamics and inter-281 actions with transporters such as GLUT4, or some 282 other local factor in the vicinity. The role of free 283 radical attack in diabetes and in the cardiovascular 284 complications of the disease has been documented 285 largely through the effects of free radicals on lipids 286 and proteins [9, 23, 24] . GT has been shown to act on 287 the cell surface by preventing oxidation of LDL in cell 288 membranes [15] . However, there is no evidence to 289 suggest such mechanisms exist to prevent ROS-in-290 duced insulin resistance, and this is an area that re-291 quires further study.
292
The mechanism(s) by which H 2 O 2 and other 293 mediators of oxidative stress cause insulin resistance 294 are largely unknown. A possible explanation for the 295 inhibitory effect of H 2 O 2 on insulin action is that it 296 triggers an alteration in cellular redox balance due to 297 prolonged exposure. Stress inducers, including H 2 O 2 , 298 can function as signaling molecules to activate a 299 number of stress sensitive serine/threonine kinase 300 pathways linked to insulin resistance [5] . Insulin 301 signaling enzymes offer a number of potential sub-302 strates for these activated serine kinases including the 303 insulin receptor and the family of insulin receptor 304 substrate proteins, which act to increase glucose 305 transport through activating downstream enzymes 306 such as Akt and AS160. Numerous agents that induce 307 insulin resistance, such as TNF-a, platelet-derived 
